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Why a new MD software?
Popular MD programs (AIMD, GROMACS…) are not 
specifically oriented toward crystallographic problems
Other programs are mostly used to simulate hard matter 
systems (oxides, metals, semiconductors…)
…and molecular crystals?
Force fields that perform  very 
well for biopolymers (AMBER, 
CHARMM, OPLS-AA…) are often 
not well suited to deal with small 
organic molecules  
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The method
Packing Potential Energy
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The method
Lattice Energy, Packing Energy
Ignoring zero-point and 
molecular relaxation corrections
Parametrization
(i) Enthalpies of sublimation (solids) 
and of evaporation (liquids);
(ii) Observed lattice parameters
(solids) and specific volumes
(liquids); 
(iii) U(i,j) from MP2 calculations
Gavezzotti & Lo Presti, Cryst. Growth Des. 2015, 15, 3792−3803
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The CLP-dyn package
• For bulk crystals, periodicity is 
determined by repetition of the 
crystallographic unit cell. Bulk 
liquids use cubic simulation boxes. 
Also non-periodic clusters
(nanocrystals and droplets) can be 
treated.
• Leap-Frog integrator.
• Berendsen (T, p) (anisotropic) 
rescaling allowed (NpT ensemble).
• Heterogeneous mixtures 
(liquids+solids) are allowed.
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CIF file (from CSD)
Preliminary 
routines
Intramolecular force field
kstr and kbend from MP2/6-31G** ab 
initio calculations on the corresponding 
deformation of prototypic compounds 
(Gavezzotti, New J. Chem. 2016, 40, 
6848) 
ktors calibrated by fitting against MP2/6-31G** potential curves of ~ 50 
organic compounds in vacuo (Gavezzotti & Lo Presti, J. Appl. Cryst. 2019, 
submitted)
Intramolecular potentials here serve only as restraints to avoid undue 
molecular bond and angle distortions
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Isolated clusters: 
suppression of net momenta
Starting configuration
After 1-2 ps
Back-translation
Centre of 
mass (COM)
Ending configuration
Inertial axes
Back-rotation (search of the rotation matrix 
that minimizes individual COM distances)
Ending configuration
Starting configuration
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Isolated clusters: Evaporation
(1) Tethering: if the COM of a give molecule is more distant than a given 
threshold (for example ~ 2*cluster radius) from the cluster COM, the 
distance is reduced by a user-defined factor 0<Fev<1, usually 0.9.
(2) Deletion: if the COM of a give molecule is more distant than a given 
threshold (for example ~ 2*cluster radius) from the cluster COM, the 
molecule is deleted.
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Quantification of symmetries
Symmetry indices
For each 
molecular pairAverage 
symmetry index 
of the whole array
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Bulk crystals
All the results were 
compared with  
analogue calculations 
with GROMACS as a 
well-established 
benchmark
• Simulation boxes ~ 30-40 Å large 
• 14 Å cutoff for long range non-bonded interactions
• NpT runs
• Intramolecular non-bonded energy terms NOT included
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Bulk crystals
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Bulk crystals
Experimental
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Liquid clusters
Closer molecular pairs 
tend to have higher 
symmetry relationships
Surface tension effects are 
correctly reproduced
Start End
Inner droplets 
resemble bulk liquids 
Chasing nucleation
Van Driessche, Sleutel et al., Nature, 2018, 556, 89-94
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Chasing nucleation
105-mol cluster CH3OH
CHCl3
v
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Chasing nucleation
Chasing nucleation
Vekilov, Nanoscale,
2010,2, 2346-2357
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Conclusions
CLP-dyn can afford reliable simulations of crystals, liquids and finite-size
clusters. It is equipped with ad-hoc procedures to dampen unwanted
global momenta, take into account evaporation and monitor the
evolution of symmetry
The agreement with other MD methods and experimental estimates is good
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Liquid droplets show a inner bulk-like structure, tempered by strong 
surface tension effects. 
Next neighbour molecules tend to aggregate in (partly) symmetric 
arrangements already in a full liquid state. 
Nevertheless, large clusters up to 100-200 molecules are unstable against 
dissolution, posing into question the validity of the classical one-step model 
for nucleation.
Availability
Version June, 2019: freely available (GNU General Public Licence) 
Source codes, 
instructions, pre-
compiled macros 
and worked I/O 
examples
A. Gavezzotti and L. Lo Presti, New J. Chem. 2019, 43, 2077
A.Gavezzotti and L. Lo Presti, J. Appl. Cryst. 2019, submitted
Thank you for your kind 
attention
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Structure…
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Molecular dynamics in materials science
Gavezzotti, Synlett, 2002, 2, 201–214
Hermann, Di Stasio, Tkatchenko, 
Chem. Rev. 2017, 117, 4714-4758
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Retrieving structures
(1) Retrieve your entry from CSD in 
cif format (make sure to include 
also additional data items)
RETCIF
RETCHA
RETCOR
(2) Interprets 
structural data 
(3) Renormalizes H 
atom positions, check 
cell and Wyckoff 
symmetry
(4) Assigns atom point 
charges with the 
Extended Hückel
method
.oeh ASCII file: lattice, coordinates, charges and 
symmetry 
22.08.2019, ECM32, Wien, Austria
Equilibration
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Bulk crystals
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Hydrogen 
bonds
Polar
Polar
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Bulk crystals
Pre-melting?
Tmelt = 224 K
T=300K
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Bulk Liquids
Cohesive energies and densities of bulk liquids, compared with Monte-
Carlo (MC) results. n = number of molecules in the simulation box.
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Evaporation rates of liquid clusters
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